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Øystein P. Nygaard1,2,5, Tore K. Solberg6,7, Sasha Gulati1,2,8-OBJECTIVE: To investigate the frequency and predictors
of deterioration after decompressive surgery for single and
2-level lumbar spinal stenosis.
-METHODS: Prospectively collected data were retrieved
from the Norwegian Registry for Spine Surgery. Clinically
significant deterioration was defined as an 8-point in-
crease in Oswestry disability index (ODI) between baseline
and 12 months’ follow-up.
-RESULTS: There were 2181 patients enrolled in the
study. Of 1735 patients with complete 12 months follow-up,
151 (8.7%) patients reported deterioration. The following
variables were significantly associated with deterioration
at 12 months’ follow-up; decreasing age (odds ratio [OR]
1.02, 95% confidence interval [95% CI] 1.00e1.04,
P [ 0.046), tobacco smoking (OR 2.10, 95% CI 1.42e3.22,
P [ 0.000), American Society of Anesthesiologists grade
‡3 (OR 1.80, 95% CI 1.07e2.94, P [ 0.025), decreasing
preoperative ODI (OR 1.05, 95% CI 1.02e1.07, P [ 0.000),
previous surgery at the same level (OR 2.00, 95% CI
1.18e3.27, P[ 0.009), and previous surgery at other lumbar
levels (OR 2.10, 95% CI 1.19e3.53, P [ 0.009).
-CONCLUSIONS: Overall risk of clinically significant
deterioration in patient-reported pain and disability afterKey words
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- Spinal stenosis
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Abbreviations and Acronyms
ASA: American Society of Anesthesiologists
CI: Confidence interval
EQ-5D: EuroQol-5D
MCID: Minimum clinically important difference
MRI: Magnetic resonance imaging
NORSpine: Norwegian Registry for Spine Surgery
NRS: Numerical Rating Scale
ODI: Oswestry Disability Index
OR: Odds ratio
ZCQ: Zürich Claudication Questionnaire
From the 1Department of Neurosurgery, St. Olav’s University Hospital, Trondheim, Norway;
2Department of Neuroscience, Norwegian University of Science and Technology (NTNU),
WORLD NEUROSURGERY 84 [4]: 1095-1102, OCTOBER 2015decompressive surgery for lumbar spinal stenosis is
approximately 9%. Predictors for deterioration are
decreasing age, current tobacco smoking, American So-
ciety of Anesthesiologists grade ‡3, decreasing preopera-
tive ODI, and previous surgery at same or different lumbar
level. We suggest that these predictors should be empha-
sized and discussed with the patients before surgery.INTRODUCTIONumbar spinal stenosis is the most frequent indication for
spinal surgery in elderly patients, and its prevalence isLlikely to increase (8, 12, 17). Evidence is growing that
decompressive surgery offers an advantage over nonsurgical
management for selected patients with persistent severe symp-
toms (1, 3, 4, 23, 40). Moreover, a recent study has shown that the
effectiveness of microdecompression is equivalent to laminectomy
in the surgical treatment of central lumbar spinal stenosis with
favorable outcomes at 1 year in both groups (26). Improvement in
radiating pain, neurogenic claudication, functional status, and
quality of life are common treatment goals.
For functional assessment, the Oswestry Disability Index (ODI)
is a patient-reported outcome measure commonly used in lumbar
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ULF S. NERLAND ET AL. DETERIORATION AFTER DECOMPRESSIVE SURGERYmost studies, however, focus on symptomatic or functional
improvement the risk of deterioration seems unclear. Registry-
based studies report success rates of surgery in the range of 30%e
84% in terms of improvement in pain and about 55% for func-
tional improvement (27, 37). One study reported that 9%e11% of
patients experienced worsening of pain, but no data on functional
deterioration were provided (37). Thus, the proportion of patients
experiencing a clinically signiﬁcant deterioration in pain and
disability after surgery remains to be elucidated.
The aim of this prospective registry-based study was to evaluate
the risk of clinically signiﬁcant worsening of pain and disability,
deﬁned as an increase in ODI 8 at 12 months and to explore
possible predictors for clinically signiﬁcant deterioration after
decompressive surgery for central lumbar spinal stenosis. Using
data from the Norwegian Registry for Spine Surgery (NORspine),
we included patients operated on with laminectomy or micro-
decompression at 1 or 2 lumbar levels without instrumentation.
MATERIALS AND METHODS
Study Population
Data for this registry based cohort study were collected from
NORspine, which was established in 2006 and is a comprehensive
clinical registry for quality control and research. Participation in
NORspine by either providers or patients is not mandatory, nor is
participation required as a necessary condition for a patient to
gain access to health care or for a provider to be eligible for
payment for the health care service. Follow-up time from the date
of the operation (baseline) in this study was 12 months. Both ﬁrst
time operations and patients who had previous lumbar surgery
were included.
Inclusion Criteria
Inclusion criteria were as follows: 1) diagnosis of central lumbar
spinal stenosis; 2) operation at 2 lumbar levels with either open
laminectomy or microdecompression in the time period between
October 2006 and December 2011; and 3) included in the NOR-
spine registry.
Exclusion Criteria
Exclusion criteria were as follows: 1) discectomy as part of the
decompression; 2) spinal instrumentation as part of the proce-
dure; and 3) other conditions in the lumbar spine (tumor, infec-
tion, or hemorrhage) veriﬁed by magnetic resonance imaging
(MRI) and/or computed tomography.
Ethical Approval
The study was evaluated and approved by the regional committee
for medical research in Central-Norway (ID 2013/643), and all
participants provided written informed consent. The Data
Inspectorate of Norway approved the registry protocol.
Primary Outcome Measure
We used version 2.0 of the ODI (13) as the measure of main
outcome. ODI is a widely accepted outcome measure in lumbar
spinal stenosis surgery (26, 40). This version has been translated
into Norwegian and tested for psychometric properties (15). This
disease-speciﬁc measure of functional status contains 101096 www.SCIENCEDIRECT.com WORLD NEUquestions on limitations of activities of daily living. The ODI
questionnaire is used to quantify disability for degenerative con-
ditions of the lumbar spine and covers intensity of pain, ability to
lift, ability to care for oneself, ability to walk, ability to sit, sexual
function, ability to stand, social life, sleep quality, and ability to
travel. Each variable is rated on a 0- to 5-point scale, summarized,
and converted into a percentage score. Scores range from 0 to 100,
with a lower score indicating less severe pain and disability. For
this patient population, the minimum clinically important differ-
ence for change in the mean ODI score is considered to be in the
range of 8 to 10 points (6, 19, 21). The change in ODI score be-
tween baseline and 12 months after operation was classiﬁed as
“deterioration” (increased ODI score of at least 8 points) or “no
deterioration” (decreased, unchanged, or increased ODI score less
than 8 points).Data Collection and Registration by the NORspine Registry
Protocol
Data were collected through the NORspine registry. In total 36 of
40 centers performing lumbar spine surgery in Norway report to
NORspine. NORspine is linked to the National Registry and Sta-
tistics Norway, which contain information concerning everyone
who either is or has been a resident in Norway. According to the
Norwegian Directorate of Health, approximately 65% of all pa-
tients who undergo lumbar spine surgery in Norway are included
in NORspine. This inclusion rate is presumably greater for lumbar
spinal stenosis surgery, because the majority of these procedures
are scheduled surgeries.
On admission for surgery, the patients completed the baseline
questionnaire, which included questions about demographic and
lifestyle issues in addition to the outcome measures. Information
about marital status, educational level, employment status, body
mass index, and tobacco smoking also was recorded. Intensity of
pain was graded in 2 separate 0e10 Numerical Rating Scales
(NRS) for back pain and leg pain where 0 equals no pain (20).
During the patient’s hospital stay, using a standard registration
form, the surgeon recorded data concerning diagnosis, previous
lumbar spine surgery, comorbidity (including rheumatic diseases,
hip/knee osteoarthritis, depression/anxiety, musculoskeletal pain,
neurologic disorder, cerebrovascular disease, cardiovascular dis-
ease, vascular claudication, lung disease, cancer, osteoporosis,
hypertension, endocrine disorders), American Society of Anes-
thesiologists (ASA) grade, duration of symptoms, treatment, and
image ﬁndings.
The surgeons provided the following complications and adverse
events to the NORspine registry: intraoperative hemorrhage
requiring blood replacement, postoperative hematoma requiring
repeated surgery, unintentional durotomy, cardiovascular com-
plications, respiratory complications, anaphylactic reactions, and
wrong-level surgery. Patients reported the following complications
if they occurred within 3 months of surgery: wound infection,
urinary tract infection, pneumonia, pulmonary embolism, and
deep venous thrombosis.
A questionnaire was distributed to patients by regular mail 3
and 12 months after surgery, completed at home by the patients,
and returned in the same way. The patients who did not respond
received one reminder with a new copy of the questionnaire.ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.055
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Included patients underwent decompressive surgery for central
lumbar spinal stenosis. The procedures were either laminectomy
or microdecompression based on the surgeons’ preference.
Microdecompression was performed using a bilateral or unilateral
approach depending on the surgeon’s preference and the indi-
vidual patient’s anatomy and symptoms (39).
Statistical Analysis
All statistical analyses were performed with SPSS for Mac version
20.0 (Chicago, IL). Statistical signiﬁcance level was deﬁned as P 
0.05 on the basis of a 2-sided hypothesis test with no adjustments
made for multiple comparisons. To test whether data were
normally distributed, we used Q-Q plots. Central tendency are
presented as means when normally distributed and as medians
when skewed. We used the c2 test for categorical variables.
Change in ODI from baseline to 1-year scores was compared with
paired-samples t test. Prognostic variables were analyzed by the
use of logistic regression with clinically signiﬁcant deterioration
(increase in ODI 8) as the primary dependent variable. Variables
from the univariate analyses with a P-value < 0.10 were included
in a multivariate model. The ﬁnal model controlled for age, sex,
and baseline variable (preoperative ODI) for the dependent
outcome, regardless of the signiﬁcance in the univariate analyses.
Missing Data
For missing data, we chose to exclude cases pairwise. This
method excluded patients only if they were missing the data
required for the speciﬁc analysis. They were still included in any of
the analyses for which they had the necessary information. A study
on an equivalent patient population showed no difference in
outcomes between responders and nonresponders based on
NORspine data (36). In patients in whom the ODI score at 12Figure 1. Study e
WORLD NEUROSURGERY 84 [4]: 1095-1102, OCTOBER 2015months after surgery was missing, a “last observation carried
forward” strategy was applied by use of the value registered at 3
months, thus assuming little difference between these 2 time
points. This strategy was only applied in an additional adjusted
regression model, as to minimize the number of missing data
points.
RESULTS
Study Population
A total of 2181 patients were enrolled of 2745 screened patients
(Figure 1). A total of 1735 patients (79.6%) completed the 12-
month follow-up questionnaire. Baseline characteristics, surgical
treatments, and complications are presented in Table 1. The mean
age at baseline was 65.5 years (11.1), and 49.6 % were women.
Overall outcomes for the total population are presented in
Table 2, demonstrating signiﬁcant mean improvements in both
ODI and general health-related quality of life measured with the
EuroQol-5D. The mean ODI score at baseline was 39.9 and 24.3 at
12-months follow-up (difference 15.6, 95% conﬁdence interval
[95% CI] 14.77e16.45, P < 0.001). For patients with complete 12
months’ follow-up (n ¼ 1735) clinically signiﬁcant improvement
(ODI decrease 8 points) was seen in 1149 (66.2%), deterioration
(ODI increase8 points) in 151 (8.7%), and clinically unchanged
state (ODI difference within 8 to 8 points) in 435 (25.1%). The
mean change in ODI between 3 and 12-months follow-up was 1.4
points (95% CI 0.68e2.04, P < 0.001).
Frequency and Prognostic Indicators for Deterioration
Among the 1735 patients with complete 12 months’ follow-up, 151
(8.7%) patients experienced deterioration at 12 months. When
using last observation carried forward imputation from 3 months
(n ¼ 1959), we found that 176 (9.0%) patients reportednrollment.
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Table 1. Characteristics for the Total Population, N ¼ 2181
Demographic Variables n (%) or Mean (SD)
Age, years, mean (SD) 65.5 (11.1)
Female, n (%) 1082 (49.6)
Married or partner, n (%) 1590 (72.9)
Current tobacco smoker, n (%) 524 (24.0)
Education >12 years, n (%) 570 (26.1)
Body mass index, mean (SD)* 27.4 (4.4)
Comorbidity, n (%) 1181 (54.1)
ASA grade, n (%)y
Grade I 425 (19.5)
Grade II 1276 (58.5)
Grade III 424 (19.4)
Grade IV 9 (0.4)
Preoperative selfereported health status
ODI, mean (SD)z 40.4 (15.3)
EQe5D, mean (SD) 0.36 (0.32)
Leg pain NRS, mean (SD)x 6.64 (2.21)
Back pain NRS, mean (SD)k 6.54 (2.23)
Surgical procedure
Laminectomy, n (%) 757 (34.7)
Microdecompression, n (%) 1424 (65.3)
Back pain/radiculopathy history
Back pain >12 months, n (%) 1539 (70.6)
Radiculopathy >12 months, n (%) 1334 (61.2)
Previous lumbar spine surgery, n (%)
Previous surgery in index level(s) 271 (12.5)
Previous surgery in other lumbar level(s) 248 (11.5)
Levels decompressed, n (%)
Single 1307 (59.9)
Two 874 (40.1)
Perioperative complications, n (%) 106 (4.9)
Dural tear or spinal fluid leak 91 (4.2)
Blood replacement (transfusion) or
postoperative hematoma
9 (0.4)
Cardiovascular complications 3 (0.1)
Respiratory complications 0 (0)
Anaphylactic reaction 2 (0.1)
Wrong-level surgery 3 (0.1)
Complications after hospital discharge
(<3 months), n (%)
159 (7.3)
Wound infection 67 (3.1)
Continues
Table 1. Continued
Demographic Variables n (%) or Mean (SD)
Urinary tract infection 82 (3.8)
Pneumonia 16 (0.7)
Pulmonary embolism 3 (0.1)
Deep venous thrombosis 2 (0.1)
EQ-5D, EuroQol-5D.
* The body mass index is the weight in kilograms divided by the square of the height in
meters.
y American Society of Anesthesiologists (ASA) grade. Grade I-V. Grade V is the worst,
indicating a life-threatening condition.
z Oswestry Disability Index (ODI) ranges from 0e100, with lower scores indicating less-
severe symptoms.
x Numerical Rating Scale (NRS) 0e10 for leg pain, where 0 equals no pain.
k Numerical Rating Scale (NRS) 0e10 for back painewhere 0 equals no pain.
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analyses exploring associations between clinically signiﬁcant
deterioration and possible predictors among baseline factors,
surgical treatments, and complications. The ﬁnal multivariate
regression model is also shown in Table 3. It demonstrates that
age (odds ratio [OR] 1.02, 95% CI 1.00e1.04, P ¼ 0.046),
tobacco smoking (OR 2.10, 95% CI 1.42e3.22, P ¼ 0.000), ASA
grade 3 (OR 1.80, 95% CI 1.07e2.94, P ¼ 0.025), preoperative
ODI (OR 1.05, 95% CI 1.02e1.07, P ¼ 0.000), previous surgery
at same level (OR 2.00, 95% CI 1.18e3.27, P ¼ 0.009), previous
surgery at other level (OR 2.10, 95% CI 1.19e3.53, P ¼ 0.009)
were signiﬁcant predictors of deterioration at 12 months. The
signiﬁcant predictors of deterioration in the multivariate model
are illustrated in Figure 2. In a multivariate regression model
using last observation carried forward imputation, the same
covariates were signiﬁcant predictors of deterioration at 12
months with the addition of complications occurring within
three months following hospital discharge (P ¼ 0.005). These
complications consisted largely of superﬁcial wound infections
and urinary tract infections (Table 1).DISCUSSION
This study demonstrates that approximately 9% of patients who
underwent decompressive surgery without instrumentation for
lumbar spinal stenosis experience a clinically signiﬁcant deterio-
ration in functional status measured with ODI. Several independent
factors were signiﬁcantly associated with deterioration in func-
tional status 1 year after surgery. Preoperative factors such as age,
tobacco smoking, ASA grade3, minor back-related disability (low
preoperative ODI), and previous spine surgery independently pre-
dicted deterioration in functional status. Several of these risk fac-
tors for clinical deterioration after surgery may be discussed with
the patients and knowledge of such risk factors is useful for patient
selection. In patients with a relatively low burden of symptoms and
several risk factors for clinical deterioration after surgery, nonsur-
gical management may be preferred. Large-scale registry based
studies have high external validity and can be used effectively toROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.055
Table 2. Outcome Variables at Baseline and 12 Months After Surgery
Outcome Variable BaselineeMean (SD) 12 Monthse Mean (SD) Mean Difference (95% CI) P Value
ODI
(n ¼ 1735)
39.9 (15.04) 24.3 (18.25) 15.6 (14.77e16.45) 0.000
EQ-5D
(n ¼ 1425)
0.37 (0.319) 0.63 (0.316) 0.25 (0.27e0.24) 0.000
NRS, back pain (n ¼ 1627) 6.52 (2.22) 3.93 (2.83) 2.59 (2.44e2.74) 0.000
NRS, leg pain (n ¼ 1589) 6.60 (2.18) 3.68 (2.97) 2.93 (2.77e3.09) 0.000
SD, standard deviation; CI, confidence interval; ODS, Oswestry Disability Index; EQ-5D, EuroQol-5D; NRS, Numerical Rating Scale.
Table 3. Factors Associated with Worsening of ODI at 12 Months’ Follow-Up
Demographic Variables
Univariate Multivariate
OR 95% CI P Value OR 95% CI P Value
Age 0.985 0.97e1.00 0.054 1.020 1.00e1.04 0.046*
Male (ref female) 0.721 0.51e1.01 0.058 0.929 0.62e1.39 0.720
Married or partner 1.161 0.78e1.72 0.457 e e e
Current tobacco smoker 1.939 1.36e2.77 < 0.01 2.136 1.42e3.22 0.000*
Education >12 years 0.864 0.58e1.28 0.467 e e e
Body mass index 1.017 0.98e1.06 0.402 e e e
Comorbidity 1.357 0.97e1.91 0.079 1.254 0.82e1.92 0.294
ASA grade 3 1.759 1.21e2.56 0.003 1.776 1.07e2.94 0.025*
Preoperative self-reported health status
ODI 0.970 0.96e0.98 < 0.01 1.046 1.02e1.07 0.000*
EQ-5D 1.941 1.11e3.40 0.020 0.777 0.33e1.82 0.561
Leg pain NRS 0.890 0.83e0.96 < 0.01 0.940 0.84e1.05 0.258
Back pain NRS 0.915 0.85e0.99 0.019 1.046 0.93e1.18 0.470
Surgical procedure
Laminectomy (ref microdecompession) 0.902 0.63e1.28 0.568 e e e
Back pain/radiculopathy history
Back pain >12 months 1.381 0.94e2.94 0.105 e e e
Radiculopathy >12 months 1.413 0.99e2.02 0.058 1.473 0.97e2.24 0.070
Previous lumbar spine surgery
Previous surgery in index level(s) 1.711 1.10e2.67 0.018 1.964 1.18e3.27 0.009*
Previous surgery in other lumbar level(s) 1.675 1.05e2.67 0.030 2.052 1.19e3.53 0.009*
Levels decompressed 1.340 0.96e1.87 0.087 1.194 0.81e1.77 0.376
Perioperative complications 1.351 0.66e2.76 0.410 e e e
Complications after hospital discharge (<3 months) 1.772 1.06e2.97 0.030 1.870 1.00e3.51 0.052
ODS, Oswestry Disability Index; OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; EQ-5D, EuroQol-5D; NRS, Numerical Rating Scale.
* Denotes statistical significance, P  0.05.
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Figure 2. Predictors of deterioration in a multivariate model. ASA, American society of Anesthesiologists;
CI, confidence interval.
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ULF S. NERLAND ET AL. DETERIORATION AFTER DECOMPRESSIVE SURGERYmonitor treatment outcomes and provide predictors. As the inci-
dence of spinal stenosis increases, offering treatment to patients
most likely to respond and avoiding unnecessary procedures when
there is high risk of deterioration are important because resources
in the health care services frequently are limited. In addition to the
increasing incidence of lumbar spinal stenosis, there is also a
signiﬁcant increase in the availability of MRI. Considering that
almost 50% of patients >50 years without signiﬁcant symptoms
present with signiﬁcant radiologic signs of degeneration on MRI,
patient selection is crucial to success surgery (7).
Spondylosis often is a continuous process and the clinical
syndrome of lumbar spinal stenosis occurs most frequently in
elderly patients. Perhaps somewhat surprisingly lower age was
associated with a greater risk for deterioration. One explanation
could be that younger individuals have greater requirements in
their daily activities that can provoke more pain and complaints. It
is also possible that expectations of the surgery are greater among
younger patients.
Chronic smoking disturbs the mineral-metabolism of the
vertebra, leading to impaired blood supply and a reduced number
of functional bone-forming cells (18). This results in advanced
bony degradation, and tobacco smokers are more prone to
suffer from spinal column degenerative disease (2, 5, 11). Thus,
smokers may be at increased risk of developing lumbar spinal
stenosis, and smoking also seems to be a signiﬁcant predictor of
deterioration in functional status postoperatively. This ﬁnding
supports previous studies demonstrating that tobacco-smokers are
less likely to achieve a clinically important improvement after
microdecompression for lumbar spinal stenosis (32, 33).
We found that an ASA grade of 3 or greater predicted deterio-
ration in functional status postoperatively. We chose a cut-off of
ASA 3 to predict deterioration because this value distinguishes
between patients with no or moderate health issues and patients
with severe systemic disease. Several studies suggest that an in-
crease in ASA score may increase the risk of both morbidity and
mortality in patients undergoing spine surgery (14, 31). Thus, our1100 www.SCIENCEDIRECT.com WORLD NEUﬁndings add further evidence that severe systemic disease is
associated with unfavorable outcome after spine surgery (14, 41).
Although ODI is deﬁned as a disease-speciﬁc questionnaire, co-
morbidity will affect responses because both pain and functional
loss may have multiple causes (34).
An association between decreasing preoperative ODI (i.e., fewer
spinespeciﬁc symptoms) and deterioration at 1 year post-
operatively was found, and this may serve as a warning on per-
forming surgery in patients with only minor disability. This has also
been shown in patients undergoing lumbar microdiscectomy (35).
In a subgroup analysis of the Spine Patient Outcomes Research
Trial (SPORT), investigators reported that baseline ODI had the
greatest impact on outcomes after surgery for lumbar spinal
stenosis (32). Relying too much on radiologic ﬁndings knowing
the rates of incidental ﬁndings may be a serious pitfall (7).
If surgery is still considered in less-symptomatic patients, the
indication for surgery should be thoroughly discussed and it
should be clearly stated to the patient that because of his or her
limited symptom burden, he or she are less likely to signiﬁcantly
improve simply because there is less to gain and that there is a
small, but deﬁnite, risk of experiencing deterioration in functional
status after decompressive surgery for lumbar spinal stenosis. In
this regard, ODI could be used for screening patients in routine
clinical practice before consultations. Floor-ceiling effects of ODI
also are possible explanations in patients with only minor
disability because they are more likely to get worse than patients
close to the maximum scores, as the latter cannot score worse.
Perhaps not surprisingly, previous surgery in the lumbar spine
strongly predicts deterioration in functional status at 12 months.
This ﬁnding also is reported in other studies (24). The rates of
perioperative complications (4.9%) and complications within 3
months after hospital discharge (7.3%) were low. The former
consisted mainly of unintentional durotomies and the latter
consisted of wound infections and urinary tract infections.
Neither of them had a signiﬁcant impact on functional
deterioration 12 months after surgery.ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.055
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important difference (MICD) for the ODI in lumbar spine surgery
patients (10, 16, 28-30). The cut-off value often is interpreted as a
signiﬁcant change for both clinically improvement and deterio-
ration. Depending on the methods used to ﬁnd the MCID value,
the studies report a cut-off in the range of 2.0e12.8 points for the
ODI. No exact cut-off value is established for deterioration in
patients with lumbar spinal stenosis undergoing decompressive
surgery without instrumentation. Most studies use a cut-off value
of 8e10 points as clinically important change (6, 19, 21, 25). A cut-
off value for MCID in this population should be established.
The predictors for deterioration may be useful and should be
taken into consideration when patients are consulted before sur-
gery. For example, the threshold for performing surgery should be
much greater in patients with only moderate complaints, with
high burden of comorbidity and a previous history of lumbar spine
surgery. Whether smoking cessation preoperatively would improve
outcome remains unknown, but this is at least a modiﬁable risk
factor and should be an incentive to talk to patients about smoking
cessation as this is proven to increase quitting rate (22). On the
other hand, performing decompressive spine surgery in an
older, otherwise-healthy patient with much disability may be
very rewarding and few will in fact experience a bad outcome.
Study Strengths and Limitations
The results in the present study were strengthened by the use of
speciﬁc inclusion and exclusion criteria and the large sample size
(9). The main limitation of the present study is that the loss to
follow-up was relatively high. In a study on an equivalent patient
population with 22% nonresponders, no difference in outcomes
between responders and nonresponders was found at long-termWORLD NEUROSURGERY 84 [4]: 1095-1102, OCTOBER 2015follow-up (36). The authors found that receipt of postal
questionnaires (not being summoned for follow-up) was the
strongest risk factor for failure to respond. Forgetfulness appeared
to be an important cause. Older patients and those who had
complications were more likely to respond. There were no in-
dications of worse outcomes in nonrespondents. Some prefer
other outcome measures such as the Zürich Claudication Ques-
tionnaire (ZCQ) in lumbar spinal stenosis research. The ZCQ is a
condition-speciﬁc, patient-reported outcome measure and is re-
ported to be highly responsive (38). However, ZCQ is not included
in NORspine.CONCLUSIONS
Approximately 9% of patients experienced clinically signiﬁcant
deterioration in functional status after decompressive surgery for
lumbar spinal stenosis. Predictors for deterioration were
decreasing age, daily tobacco smoking, ASA grade 3, decreasing
preoperative ODI and previous lumbar spine surgery. The ﬁndings
in the present study provide important knowledge for preoperative
considerations and may be used to better select patients for sur-
gery and to more accurately inform patients with lumbar spinal
stenosis before surgery about the risk of deterioration.ACKNOWLEDGMENTS
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